To study the influence of different borehole diameter, bolt diameter and grouting ratio on the anchorage quality, pull-out model tests were carried out by using the orthogonal test method which can greatly reduce the number of tests and not decrease the test feasibility. The experiments were carried out by using the combination of different test parameters, and the data obtained from the experiment were analyzed. The results show that the drilling diameter has significant influence on the pulling force. Reasonable selection of grouting ratio can improve the durability. The anchorage parameters are not simply superimposed. To get the best anchorage effect, it is necessary to determine the optimal combination of anchoring parameters under specific geological conditions.
INTRODUCTION
The geotechnical anchoring technology is a cheap, fast, safe and efficient reinforcement technique [1] . Today, geotechnical anchorage technology has been widely used in mining, gravity DAMS, underground caverns, tunnels, geotechnical slopes and deep foundation pits [2] . The quality of the bolt plays an important role in the quality of tunnel engineering and the durability of the project. The regular method to evaluate the anchorage quality of bolt is pull-out test [1] , [3] .
The selection of anchorage parameters is a key factor affecting the quality of anchorage. The pull-out force mainly depends on the properties of surrounding rock, the diameter of the anchor rod, anchor length, hole size, ratio of slurry, and so on [4] . However, different factors are not simple superimposed relationships, different geological conditions have their respective optimal anchoring parameters combination. The optimal combination of bolt anchoring parameters under specific geological conditions was studied by experimental orthogonal pull-out model tests.
EXPERIMENTAL ORTHOGONAL PULL-OUT MODEL TESES

Anchorage Parameters
For the convenience of the test, A, B and C were used to represent three factors influencing the pulling force, three levels 1, 2 and 3 of each factor were selected according to experience. [5] . L9(34) orthogonal table were used to combine the experiments, as shown in table 2. 1  1  1  1  1  2  1  2  2  2  3  1  3  3  3  4  2  1  2  3  5  2  2  3  1  6  2  3  1  2  7  3  1  3  2  8  3  2  1  3  9  3  3 2 1
Material Parameters
The surrounding rock similar material of a grade Ⅴ fracture zone tunnel was mixed with loess, quartz sand, cement and gypsum [7] . The physical and mechanical parameters of soil samples were shown in table 3. 
Influence of Borehole Diameter on Anchorage Quality
Based on table 4, the influence of different borehole diameter on anchorage quality can be analyzed. If the diameter of the hole is 50 mm, the pulling force of the bolt is far greater than that of 30 mm and 40 mm. The pulling force of level 1 is significantly lower than 2, 3, and the anchor quality was the worst. If the diameter of the borehole is increased by 10mm or 40 mm, the pulling force increases obviously. But if the diameter of the borehole is 50 mm, the pulling force is not higher than that of the hole diameter of 40 mm, the peak pulling force maybe larger.
Influence of Bolt Diameter on Anchorage Quality
From table 4, if the diameter of the bolt is 22 mm, the pulling force is greater than that of 25 mm and 18 mm. The pulling force of level 2 is lower than level 1 and 3. It shows that the anchorage quality is not high. Therefore, the influence of bolt diameter on anchorage quality is not simple proportional relation. In actual engineering, the optimum bolt diameter should be selected to save money and obtain the best anchorage effect.
Influence of Grouting to The Anchorage Quality
From table 4, if the mixture ratio of the grouting is 0.4, the pulling force of the bolt is higher than that of 0.45 and 0.38. Considering other factors, the analysis shows that when the ratio of the grouting is 0.4, the bolt has a stronger durability.
Acquisition of Optimal Anchorage Parameters
The results of each level of the pulling force were analyzed, as shown in table 5. The optimal parameter is A2, B3 and C3, in which the borehole diameter is 50 mm, the bolt diameter is 22 mm and the grouting ratio is 0.4. According to the analysis, the pulling force increased significantly if the borehole diameter is 50 mm. The bolt diameter is higher or lower than 22 mm, the pulling force is reduced. If the mix ratio is 0.4, the bolt had better durability. Therefore, the orthogonal test can obtain the optimal combination [8] .
CONCLUSIONS
(1) The pulling force of the bolt can be greatly improved by choosing the appropriate borehole diameter. In this model test, when the drill diameter was 50 mm, the experiment obtained a larger pulling force.
(2) If using the bolt to reinforce the rock mass, the diameter of the bolt is not the higher the better. In this model test, the diameter increased from 18 mm to 22 mm, the strength of the bolt increased, but the force decreased when the diameter is 25 mm.
(3) The influence of grouting ratio on the strength of anchorage is small. However, the durability of the anchorage is obviously improved by the mixing ratio of the optimal anchorage.
(4) In certain geological conditions, there is a combination of optimal anchorage parameters. In the actual project, the optimal anchorage parameters can be obtained accurately by the orthogonal test, and the anchorage quality of the project can be greatly improved.
